The article presents a comparative study between the simplified method calculation proposed by the prescriptions of design codes and the analysis with the FEM program LUSAS [1], regarding the influence of the curvature of the track axis at railway bridges with steel beams embedded in concrete. The study was made on three simply supported bridges with the openings chosen so as to cover the openings used for this constructive solution, namely 10m L 30m. For each analysed opening the curve radius of the track axis was varied,in the domain in which are representative as effects, namely 100 1500 . In the case of Lusas FEM analysis, a physically nonlinear analysis it was previously carried out, after which the cracked concrete was removed, as its participation in the structural stiffness is practically non-existent. Studying the outcomes revealed by the two calculations presented, it can be concluded that the simplified method proposed by the design codes leads to a overvaluation of the track axis curvature influence at the railway filler-beam deck bridges.
Introduction
In all the existing design codes of railway filler-beam deck bridges, as well as in the technical literature, there is little information about the influence of the curvature of the track axis, with respect to the design and calculation of these types of structures. Until the development and introduction of the European standards, the design of railway fillerbeam deck bridges was made according to the recommendations of the UIC Code 773-4 R [2] , attend by pre-dimensioning tables for these types of structure, which were based primarily on research conducted by the Committee ORE D-123 of the International Union of Railways. According to UIC 773-4 R [25], the calculation is made on a singular longitudinal beam, with steel-concrete composite cross-section. Regarding the influence of the track axis curvature, the current practice of design uses the simplified method of the Romanian standard SR 98-1911 [3] , which is based on Engesser's theory, developed since the late 19th century. Furthermore, the European standards don't particulary bring into light those design situations. As for the design situations in which the cross load distribuition is not symmetrical, the European standards recommend the analysis with the FEM programs. The purpose of this article is to analyse the influence of the track axis curvature by using a program based on FEM, as well as compare it with the outcome obtained through the simplified method.
Presentation of the case studies
The Design Tables for Filler Beam Railway Bridges [4] , published by the International Union of Railways, has been the guideline for the constructive solutions of the three analysed bridges:
-Bridge with 10 opening -Bridge with 20 opening 28 -Bridge with 30 opening For the bridge with the 10 opening and a B track category, at a maximum speed of 160 / , the constructive solution consists of six steel beams HEA 400 in cross-section, as shown in Figure 1 . For the bridge with the 20 opening the constructive solution consists of six HEB 800 steel beams and for the bridge with the 30 opening the constructive solution consists of six HLB 1100 steel beams.
In all three cases a deck width of 4m was obtained. 
The simplified method
By applying this method, the calculation is reduced to that of bridges in alignment. The various direct or indirect effects that arise at bridges with the track axis in curve are taken into account by introducing 3 equivalent eccentricities. These eccentricities take into consideration the curve radius, the cant track and the track axis misalignment up against the longitudinal axis of the structure.
-eccentricity due to the cant track; -eccentricity due to the centrifugal force; -eccentricity due to the track axis misalignment up against the longitudinal axis of the structure.
Please note that the cant track has a positive effect and thus, the corresponding eccentricity is subtracted from the calculation of the total eccentricity.
( 1 ) The calculation of the equivalent eccentricities for the section at the mid-span of the bridge was made according to the Romanian standard SR 1911-98 [3] . The values of the equivalent eccentricities are shown in the graph on Figure 2 . The bending moments in the section at the mid-span of the bridge, for each longitudinal beam of the bridge deck, were acquired by multiplying the total bending moment of the deck with the repartition coefficients of the transversal loads, which are exemplified for a certain eccentricity in Figure 4 . The repartition coefficients of the transversal loads and the bending moments on each beam are presented in Table 1 . 
Physically nonlinear analysis of a longitudinal beam
It was previously carried out a physically nonlinear analysis on a longitudinal beam of the crosssection, meshed with 3D finite elements, aiming the developments of the cracks produced by the permanent weight and the traffic actions. The analysis was performed for each of the three chosen openings. To decrease the calculation volume, the beam was analyzed by symmetry.
Bridge with opening
Loading with permanent weight The calculation model contains 3400 "3D" finite elements type "Stress" HX8M and 4386 nodes, resulting in 13158 degrees of freedom, as shown in Figure 5 . The two materials that make up the cross-section were chosen with nonlinear behavior. The beam was first loaded with the permanent weight, in order to establish the height to which the cross-section develops cracks. The analysis suggested that the cracks appear around 80% of the total loading. The cracks for 100% of the total loading are shown in Figures 6 and 7 . As can be seen in Figure 7 , the crack length from the permanent weight on the mid-span of the bridge is about 9cm.
Loading with traffic actions (LM71 model)
Subsequently, the beam with reduced section (cracked concrete from the permanent weight removed) was loaded with traffic actions. The cracked concrete was removed stepwise to obtain a regular mesh. The beam with reduced cross-section is shown in Figure 8 . As can be seen in Figure 11 , the crack length on the mid-span of the bridge is about 12,5cm.
For further calculations, the cracked concrete from both permanent weight and traffic actions was removed. The outcome was a beam with reduced cross-section, which will be used in subsequent analyzes, as shown in Figure 12 . 
Bridge with the 20m opening
The analysis presented at the 10 m opening was resumed, and thus, it was obtained the beam with reduced cross-section which will be used in subsequent analyzes, as shown in Figure13. 
Bride with a 30 m opening
The analysis presented at the 10 m opening was resumed, and thus, it was obtained the beam with reduced cross-section which will be used in subsequent analyzes, as shown in Figure14. 
Presentation of the calculation models
Bridge with opening The calculation model contains 18780 "3D" finite elements type "Stress" HX8M and 24171 nodes, resulting in 72513 degrees of freedom, as shown in Figure 15 . Bridge with opening The calculation model contains 41100 "3D" finite elements type "Stress" HX8M and 53567 nodes, resulting in 160701 degrees of freedom, as shown in Figure 17 . 
Calculation of the forces in curve
Within the analysis, only the traffic loads and the centrifugal force were taken into consideration. The specifications of SR EN 1991-2/2005 [5] were used for their calculation. The forces in curve are shown in Figure 3 and represent: --the direct effect of the centrifugal force with its characteristic value; -′ -the indirect effect of the centrifugal force with its characteristic value; --the characteristic value of the vertical load of the LM71 model.
The highlight of results
For each analyzed case, the values of the bending moments in the middle section of each longitudinal beam were computed using the FEM Lusas program [1]. These are presented summarized in Table 2 . In addition, the graphics from the 10m opening is slightly different in comparison with the graphics from the 20 and 30m openings. The difference can be observed at the 10m opening, namely the deck is closer to the case of the plates with equal dimensions where the bending is spherical while for the other openings, where the contrast between the two dimensions is much bigger (4m and 20m/4m and 30m as opposed to 4m and 10m), the bending is cylindrical. When it comes to the simplified method, an overstatement of the bending moments from the traffic actions due to the track axis curvature can be noted, towards the situation in alignment. Thus, at the 10m opening, the findings show an increase of 46.7% of the maximum bending moment , at the 20m opening an increase of 57.6%, respectively at the 30m opening an increase of 86.7% (as shown in Figure 21 ). In case of the FEM analysis, the maximum increase of the bending moment due to the track axis curvature was 8.3%. Moreover, the differences between the maximum bending moment determined by the simplified calculation and those determined by the FEM analysis become very important as the opening increases. At the 10m opening, the difference between the two calculations is 27.3%, at the 20m opening the difference is 37% and at the 30m opening the difference is 58.9% (as shown in Figure 22 ). The overall conclusion regarding the influence of the track axis curvature at railway filler-beam deck bridges is that the stress state obtained by the simplified method calculation is significantly overstated. Therefore, when it comes to bridges with the track axis in curve it is recommended to perform calculation using finite element programs.
